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ABSTRACT

This paper presents a system architecture which is based on the
multi-agent system paradigm for solving complex problems. This
architecture is applied to solve the port container termina
management problem, and specifically to solve the automatic
container alocation. The multi-agent systems paradigm seems to
fit this problem due to its inherent complexity. This work is part
of a project for the integra management of the container terminal
of an actua port.
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1. INTRODUCTION

Over the last few years, the use of the agent/multi-agent system
paradigm has increased sharply as an important field of research
within the Artificial Intelligence area. This paradigm has been
applied to different fields, such as control processes [12], mobile
robots [20], air-trafic management [19] and inteligent
information retrieval [14].

A lot of agent definitions can be found in the literature but there is
no one which has been fully accepted by the scientific community.
A definition that is appropiate for our use is the one proposed by
Wooldridge and Jennings [27]. According to them, an agent is
defined by its flexibility, which impliesthat an agent is:

¢ Reactive: an agent must answer to its environment.

e Proactive: an agent has to be able to try to fulfill his own
plans or objectives.

e Social: an agent has to be able to communicate with other
agents by means of some kind of language.

Asis stated by thisidea of flexibility, to name atool with the term
agent this tool should be able to satisfy the above requirements.

Nowadays, a small percentage of the existing software follows
this definition.

An approach to asystem architecture which is based on the multi-
agent paradigm for solving the automatic allocation problem in a
container termina is presented in this paper. The operations
carried out in this kind of terminal are included in the most
complex tasks of the transport industry. Thisis due to:

e The great diversity of entities acting in the container import
and export processes.

e Interaction with adynamic environment.

e The distributed nature of the problem which is formed by a
set of independent systems, but whose individual decisions
directly affect the performance of the others.

Because of these factors, it is very difficult to analyse and to
develop a single application with all the necessary functionalities.
This is the reason for dealing with each task independently
without losing sight of the close relationship among the tasks.

The multi-agent system model seems to be an adequate framework
for dedling with the design and development of an application
which is flexible, adaptable to the environment, versatile and
robust enough for the efficient management of a container
terminal.

It is very important for the turn-around time of a cargo ship which
is in port container terminals to be as short as possible. An
average cargo liner spends 60% of its time in port and has a cost
on the order of U.S. $1000 for each hour it spends in port [23].
The whole container allocation process must be directed towards
minimise the containership stowage time. This is the main
objective of the optimisation of the global performance allocation
process.

The rest of this paper is structured as follows. Section 2 presents a
detailed problem description. Section 3 defines the multi-agent
system architecture we propose. Finally, in section 4 the
conclusions and future work are presented.

2. PROBLEM DESCRIPTION

Container terminal management is a very complex system, then it
may be that the only way it can reasonably be addressed is to
develop a number of modular components that are specialized for
solving a particular aspect of it [13].

The set of operations to be conducted in the termina is very
extensive, but the alternative approaches share some common
systems [11]:



e Marine Side Interface. This system focuses on
loading/unloading containers to/from ships. Normally two or
three gantry cranes (GC) are used to move containers for each
ship.

e Transfer System. It transfers containers from/to the apron
to/from the container storage yard. The method used in the
terminal is to employ yard trucks (YT) to make the transports.
Transtainers are used to pick up or to put down a container on
the storage area of the yard (Figure 3).

e Container Storage System. Its purpose is to alocate and to
control the containersin the yard.

e Land Side Interface. It focuses on handling the interactions
with the land transportation modes.

2.1 Marinesideinterface

Load planning is usualy carried out as follows. Before the
berthing of a vessel, a shipping company provides the work
instruction, caled load profile (Figure 1), where the ot in which
each container must be placed is indicated. A load profile shows
several clusters of cells, each one of which is assigned to a group
of containers with the same length and that have the same
destination port. A colour code is used to recognise the different
groups of containers. The process of formulation of aload profile
isdetailed in [25].
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Figure 1. Ship bay map.

The work scheduling takes into account the load profile and the
availability of GCs. It sets the secuence used to load the bays of
the cargo ship, solving the possible interference among the GCs.

There are two studies about the crane scheduling problem in [23]
and [6]. Both suggests that algorithms for assigning GCs must be
methods that minimise the aggregate delay cost. A strategy of
providing buffer spaces in the apron area is provided in [5], to
increase the use of the GCs and to reduce the total container
loading time. Different drategies are evauated through
simulation.

2.2 Transfer system

After the work schedule is determined, the load sequencing
process begins. The actual assignment of containers to specific
locations in a ship bay is performed and the load sequence is
determined. The sequencing problem is a very complex one, thus
it is broken down into two hierarchical problems. the routing
problem for transtainers and the pickup sequencing problem.

In the routing problem for transtainers, the visiting sequence of
each transtainer and the numbers of containers to be picked up at
each visited yard bay is determined. In the process, the planner
considers the work schedule for the GCs and the yard map, which
shows the storage locations of the containers in the yard (Figure
2).

In the pickup sequencing problem, the loading for individua
containers is determined for the convenience of the handling

activities of transtainers and GCs, the stability of the vessel, the
maximum staking weight and so on.

The fina result of the container sequencing problem is called the
load sequence list.
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Figure 2. Yard map.

The existing approaches to this problem attempt to resolve it
using operations research techniques. [2] proposes a load
planning method in which the main consideration is how to meet
the best requirements for ship trim and stability and safety
regulations governing hazardous cargo stowage. In [4], Cho
develops a methodology for containership load planning. He
formulates an integer programming model to assign an individua
container to acell in abay of aship. Dueto the very large number
of containers, the computational time may be an obstacle to
applying this approach. In [9], Gifford describes a heuristic
procedure for containership load planning in a transtainer-based
container port.

2.3 Container storage system

The allocation of containers on the yard is a problem that directly
affects the previous two systems. A bad container distribution
forces the transtainer to make more movements and the GCs to be
inactive more time, which increases the loading time.

The way to reduce the useless transtainer movements is to
increase the stacking density. Then, al the containers are
alocated in close aress and the time dedicated to the movements
is reduced.

Transtainer

Figure 3. Transtainer.

Typicaly, the applications for the management of container
terminals divide the work into two tasks [3]: the yard
configuration and the automatic container allocation.

The yard configuration problem deals with the assignment of the
stacks to one shipping company making a specified route. Thisis
called a Service in the container terminal. All the containers which
have to be unloaded to one of the ports of this route must be
dlocated to the same area in order to improve the load/unload
time. The containers are also organised by taking into account the
vessel, onto which they have to be loaded. Some additional



conditions can be taken into account, such as the destination port
or the total number of containersthat will be unloaded to the same
port.

The container alocation problem focuses on assigning a free
alocation on the yard for the container to be stored until it is
loaded into aship (or, if it comes from avessal, until atruck takes
it away from the terminal). When a container arrives to the
terminal, the system decides which alocation is the most
appropiate depending on the assigned cargo ship, its destination
port, its dimensions, its weight and, if it is available, the allocation
into the bay of the ship.

24 Land sideinterface
The god of this system is to control the access to the termina of
the trucks, which carry or take away the containers.

The information is introduced into the system using EDI
messages. The shipbroker can send the container data through
Internet to the terminal. When the container arrives, their data and
the EDI message are compared to check their accuracy.

Another task is the control of the termina access gates,
identifying both the truck and the container using artificial vision
techniques. In this way, an unattended gate system, which speeds
up the truck admission, is achieved and global productivity of the
terminal isincreased.

3. SYSTEM ARCHITECTURE

To design the system architecture, the system has been divided
according to its main tasks. Therefore, adifferent kind of agent for
each one of the main tasks to be done has been modelled. These
agents are mainly characterised by their independence from the
rest of the system elements. They are able to coordinate and to
communicate some decisions to the rest of the system. The
communication between agents is done by means of asynchronous
messages, which are based upon the FIPA-ACL standard [7],
using radio frequency (RF).

This architecture, which is designed according to the multi-agent
paradigm, allows us to divide the problem into subproblems. Each
subproblem can be solved by a specific agent. The proposed
distributed approach enhances flexibility, efficiency and
robustness. Some of the reasons are:

e Toadapt to changesin the Terminal configuration.
e toincorporate unattended gates.
e if an agent goes down, the system can recover it.

Five agent classes can be found in this system, as can be observed
in Figure 4. Each agent can be considered as a autonomous
reasoner [26]:

e« The Ship agents: they control the ships load and unload
sequence scheduling process

e The Sevedore agents: they manage the loading and
unloading of al the ships docking in the port.

e The Service agents: they distribute the containers in the port
terminal.

e« The Transtainer agents: they optimise the use of these
machines.

¢ The Gate agents: they interact with the land transport (1/0 of
containers by land).
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Figure 4. System Architecture.

The main features of the agents presented in this architecture are
specified in the following sections.

3.1 Agent Description

3.1.1 Ship Agent

An agent will be created for each ship docking in the port to
dynamically manage its load/unload. Therefore, in response to the
arrival of aship (Ship agent creation event) the system will create
a new Ship agent instance for this ship and its load profile. Its
goas are: to minimize the gantry crane idle time, to maximize its
utilization, to minimize the ships load/unload time, and to
minimize the derived costs from the stowage process. Thiswork is
closely related to the Stevedore agents involved, which the Ship
agent will have to co-ordinate with.

Each Ship agent faces a scheduling problem. In this problem, a set
of resources (the cranes) must be assigned to the different
operations (container load/unload) establishing a resource use
time (container load/unload time). The resolution method for this
problem will be considered as a constraint satisfaction problem
(CSP) [1][8] [17][24].

This agent must have the following information: the number of
assigned gantry cranes to the ship, the ship load profile, the ship
characteristics, the number of containers to load/unload, the name
of the port where the containers must be unloaded, the type, the
length and the height of each container, and finally, the operation
time of the gantry cranes.

The different Ship agents which are active at any given moment
must co-ordinate with each other as a whole to minimise the
possible blockages between the assigned cranes. The goa of this
minimisation is to maximise the active time of al the cranes and
to reduce the load/unload time of each ship.

3.1.2 Sevedore Agent

Each one of the gantry cranes of the terminal (1/O of containers by
sea) is controlled by a Stevedore agent. When a gantry crane is
active loading or unloading containers from an specific ship, the
Stevedore agent will try to obtain the most appropiate scheduling
to manage the container stowage in the ships load/unload
sequences. At this point, the agent will use informed search
techniques like heuristic search algorithms (A*, IDA*, RBFS)
[10] [15] [16], that alow for the reduction of the problem
solution space. Moreover, the restrictions that limit the Stevedore



agent due to the necessity of adjusting to the gantry crane
load/unload scheduling , makes it possible to apply hard prunings
and to achieve a fast convergence to the optimal solution of the
search process. The agent will have to know the following
information in order to perform its task: the gantry crane
load/unload sequence, the yard trucks assigned to this crane and
the positions of the different containers in the terminal (known by
means of the service agents involved).

To develop these goals, the agent is co-ordinated with the rest of
the active Ship agents and the suitable Service agents. Therefore,
the agent will try, in a co-ordinated way, to minimise the empty
movements of the employed machinery and the number of the
necessary machinesin the internal transfer.

3.1.3 Service Agent

The Terminal has been divided according to the different services.
Each service has assigned some specific stacking ranges. The
main goa of this kind of agent is to determine the appropriate
alocation for the arriving containers in the Termina from a
specific  service (alocation problem) and the suitable
configuration of the portion of the yard the agent controls.

For the development of its allocation function, the agent must
focus the search process towards an approximate solution, which
can be progressively refined (by applying something similar to an
IDA* agorithm) [22]. The agent tries to obtain short response
times for the container allocation and satisfactory responses,
which are near the optimal values. To do this, the agent must
know the yard map of its assigned portion, the container
characteristics (type, length, weight, destination port, ship, ...)
and the stacking factor. Also, the agent has to coordinate with the
other service agents in order to resolve any conflicts; for instance,
their assigned stacks are full and the container must be alocated
to another place.

To solvethe configuration problem, the goal of the service agents
is to maximise the stacking density in its yard portion. To reach
this goal, the agent uses non-supervised learning techniques [18],
which alow it to automatically adjust the yard distribution
goodness through the system obtained results as its utilization
time increases. The service agent launches this process
automatically, when the agent considers it to be necessary (pro-
activity), based on criteria such as, time, stack allocation conflicts
—dots without use or cargo ships that run out of reserved areas—
, low staking density, and so on.

3.1.4 Transtainer Agent

Each system transtainer is modelled as an autonomous agent
whose goal is to efficiently perform the stacking operations of the
containersin the yard.

The transtainer agent has to minimize its empty movements. To
do this, it must obtain the most accurate sequence for the
container movement to/from its correct position in the yard. Each
one of these agents is waiting for stacking requests from the
different service agents, who facilitate the transtainer agent with:

e The containers to be moved from the stack and where they
are located: thisis done for vessel or external truck loading.

¢ The containers to be moved to the stack and where they must
be placed: thisisdone for vessal or external truck unloading.

3.1.5 Gate Agent

Each one of the terminal gates, that is, the containers input and
output by land, is controlled by a Gate Agent. To do this, the
agent will have to manage the terminal gate assigned, informing
the corresponding service agent when necessary. It will have to
inform the corresponding service agent of the new containers
arrival (to store them) and of the trucks arrival (to retire
containers from the yard).

When a container arrives to the terminal, it will have to check the
correctness of its data If the data is correct, it will ask for a
container location form the appropiate service agent, according to
the service the container is assigned to. After the location is
known, it is communicated to the truck in order to assign it to the
appropiate stack.

On the other hand, if the container |eaves the terminal, the process
issimilar to the above.

3.2 Agent Communication
The message interchange between al the agents forming the
system is based on the FIPA-ACL standard [7]. Only the
protocols needed for the terminal management are implemented,
depending on the type of the message.

3.2.1 FIPA-query

This protocol is used to recover information about the current
terminal state asking for it from the agent in charge of maintaining
it. Its main use is to show the human system users the current
terminal state through the ad-hoc designed interfaces. The
message must allow the specification of the language used for the
query (EDI, SQL, own language, ...).

3.2.2 FIPA-request

This protocol is used to ask an agent for the execution of a
specific action.  For instance, to ask a service agent for a proper
allocation for a container that is entering the terminal through a
gate.

(request
:sender gatel
‘receiver service3
content “...."
:reply-with cont_8714442 ub
:language ASCI|
:protocol FIPA-request

3.2.3 FIPA-regquest-when

This protocol provides terminal information when a condition is
satisfied (or an event is triggered). The most common uses are to
notify the load profile when a cargo ship arrives or the arrival of a
transtainer to a specified stack (before the beginning of the
stacking operation).

3.2.4 FIPA-contract-net

One of the most important tasks is the coordination and the
negotiation between the agents. Each one is in charge of one
independent part of the termina (a ship, a stack range, a
transtainer, ...). The global terminal performance depends on their
working optimally. The protocol’ s main uses are:

¢ To negotiate which transtainer is in charge of manipulating
the container.



e To ask another service agent for an available stack in its
assigned stacks range for containers of afull service.

This protocol (Figure 5) alows for the efficient distribution of the
decisions taking place in the terminal, avoiding the need for a
coordination module that must follow any kind of incident
closely.

Initiator Participant-¢

e S

cfp: call for proposals }_T
cfif

not undestood

= precondition)

Figure 5. FIPA-contract-net protocol [21].

3.3 Implementation

A first prototype of this system is currently being developed.
Some of the agents presented here are already created. The
interaction at both an internal level (between the forming different
agents) as well as at an external level (with the system users) is
shown in Figure 6.
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Figure 6. System Interactions.

The current implementation stage is focused on the alocation
problem (main service agent responsibility), due to the port
container terminal priorities.

The directives of FIPA standard have been used as much as
possible to carry out the implementation of this prototype. A set
of auxiliary agents has appeared throughout the implementation
process:

e A wrapper agent: provides access to the database, along with
communication with external software.

e The UDMA (User Dialog Management Agent): is an
interface agent with human users.

e The UPA (User Personalization Agent): manages the explicit
profiles and preferences of the registered human users.

There is an agent platform (AP) to support the entire architecture.

It provides the following services: yellow pages, white pages, a
communication channel and an agent platform security manager.

4., CONCLUSIONS

In this paper, a multi-agent system architecture for the automatic
alocation problem in a port container terminal has been
presented. Apart from the benefits obtained from a multi-agent
approach, the independence which is obtained in al of the
presented subsystems must be pointed out. This architecture
provides a maintenance of the necessary co-operation in order to
minimise the time the ships are in the container terminal.

A preliminary version of the system is currently being
implemented, which models the container terminal function of a
real port. This prototype will soon be integrated with a yard
simulator that is being devel oped at the same time.

The main goa of this project is to implement the system as the
integral management of a container terminal in the port which is
associated with this project.
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